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MEASUREMENTS OF SALI NI TY, TEMPERATURE, AND TI DES
I N SQUTH SAN FRANCI SCO BAY, CALI FORN A,
AT DUMBARTON BRI DGE: 1990- 93 WATER YEARS

by Laurence E. Schenel

ABSTRACT

The U.S. Ceol ogi cal Survey neasures salinity, tenperature,
and water |evels (tides) in southern San Franci sco Bay at
Dunbarton Bridge as part of a cooperative programwth the
California State Departnent of Water Resources. During water
years 1990-93, neasurenents were nmade at 15-minute intervals with
el ectroni c sensors | ocated approxi mately one neter above the
substrate in approximately six neters of water (at nmean water
level ). During March and April of 1991 and 1992, salinity and
tenperature al so were neasured with a self-contained system
floating one neter below the surface of the water. Sections of
the data set were selected to illustrate influences of tidal
currents, weather events, and seasonal and interannual variations
inclimte on salinity, tenperature, and water |levels at this
| ocation. The edited data are provided on high-density disks in
comma-delimted, ASCI| text files.



| NTRCDUCTI ON

During the summer of 1989, the U. S. Ceol ogi cal Survey (USGS)
and the California State Departnment of Water Resources (CDWR)
established a nonitoring and research site in southern San
Franci sco Bay on the east span of the old Dunbarton Bridge (fig.
1). During water years 1990-93 (Cctober 1989 through Septenber
1993), salinity, tenperature, and water |evel were neasured at
15m nute intervals by electronic sensors. The objectives of this
study, were to observe changes in salinity and tenperature and to
relate variations in the values to tides (neasured by water
|l evel) and to other variables, particularly those associated with
i nterannual and seasonal climate variability and weat her-rel ated
events (winds, rainfall, and runoff to the bay). In addition,
this study contributed water quality and hydrodynam c data to
on- goi ng ecosystem and hydrodynam ¢ research conducted by USGS,
CDWR, and other federal and state agencies. This report presents
nuneri cal val ues of neasurenents coll ected over the four years
and provides details of the nethods enployed in this study.
Hydr ogr aphi ¢ characteristics of southern San Franci sco Bay and
hydrol ogi ¢ characteristics of the 1990-93 water years are al so
descri bed.

Hydr ogr aphi ¢ Characteristics of Southern San Franci sco Bay

Sout hern San Francisco Bay (South Bay) is a tributary
estuary of northern San Francisco Bay (North Bay), the estuary of
t he Sacranent o- San Joaquin River system (fig. 1). South Bay is
often described as a | agoon-like system because its drainage
basin is small and direct runoff is small relative to the vol une
of the bay. Because inflowfromlocal streans is largely |[imted
to winter and early spring, discharges from nunicipal waste
facilities account for nost of the freshwater inflow to South Bay
nost of the year. Salinity and other water-colum variables in
South Bay are affected by changes in water quality conditions in
the main estuary (North Bay). Over the |last two decades, nuch
research has focused on the conplex interactions between North
Bay and the seaward reach of South Bay (for exanple see Walters
and others, 1985). However, |ess information has been avail abl e
to docunent the response of the | andward reach of South Bay to a
variety of climate and weatherrel ated factors, including inflow
fromlocal streans. A key objective of this study was to
characterize the effects of seasonal climte change and weat her
events on the water-colum variables in the | andward reach at
Dunbart on Bri dge.
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Tabl e 1. Hydrographi c and geographi c characteristics of southern
San Francisco Bay (South Bay). Val ues are based on
rel ati ons between tidal height and sectional vol unes
and areas presented by Selleck and others (1966). HH =
H gher H gh; LL = Lower Low

Section Area in 108n2 Vol une in 109n8
Mean LL Mean Mean HH Mean LL Mean Mean HH
VWat er Level Wat er Level

Bay Bridge to San Mateo Bridge
3.5 3.7 3.8 1.8 2.1 2.4

San Mateo Bridge to Dunbarton Bridge
0. 68 0. 88 0.10 0. 26 0.34 0.42

Sout h of Dunbarton Bridge
0.19 0.34 0. 46 0. 058 0. 086 0.12

Hydr ogr aphi ¢ characteristics (sectional water vol unes and
areas; table 1) vary greatly between the | andward and seaward
reaches of South Bay. Approximtely 83 percent of the nean-tide
vol une of South Bay is contained in the reach bounded by the San
Franci sco Bay Bridge (Bay Bridge) and the San Mateo Bridge (fig.
1) , which is subsequently referred to as the seaward reach. The
| andward reach al so contains 75 percent of the surface area at
mean tide level. South Bay narrows considerably |andward of San
Mateo Bridge to a strait at Dunbarton Bridge. The small basin
| andward of Dunbarton Bridge, Lower South Bay, is about 20
percent of the total volune of South Bay |andward of San Mateo
Bridge at nean tide level. The term |andward reach, refers to
areas | andward of San Mateo Bridge, including Lower South Bay.
Landward and seaward reaches as defined here do, in fact,
coincide with zones that appear to have different circul ation
characteristics (Powell and others 1986).

In addition to its smaller volune, other inportant features
di stinguish the I andward reach fromthe seaward reach of South
Bay. Water depth at nean tide in the |andward reach averages
3.5m conpared to about 6min the seaward reach. The average
wat er depth in Lower South Bay is only 2.6m at nean tide, and
there are | arge changes in surface area, volunme, and depth over
the tidal range (table 1.). About 85 percent of the South Bay
wat ershed drains into the | andward reach (USGS 1962; U. S.
Envi ronnental Protection Agency, USEPA, 1992). Therefore,
effects of inflow fromlocal streans are potentially greatest in
the | andward reach, where the surface area and water volune and
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depth are small relative to the seaward reach. The direct
influence of mxing with North Bay waters is greatest in the
seaward reach. However, nost of South Bay can be affected by
conditions in North Bay when delta outflows (see below) are
extrenely high (McCulloch and others, 1970 Inberger and others,
1977). An objective of this study at Dunbarton Bridge was to
identify effects of local streaminflows and mxing wth waters
fromNorth Bay in the |andward reach.

About half the total municipal waste flow to South Bay
di scharges into the small basin of Lower South Bay (USEPA, 1991).
Most of the remaining waste enters South Bay in the seaward reach
near the Bay Bridge, where it is rapidly dispersed into a | arge
vol une of water. Dunbarton Bridge is an inportant |ocation to
characterize variability in water-colum properties because
muni ci pal waste entering Lower South Bay nust travel through
Dunbarton Strait to | eave the estuary. Minicipal waste di scharge
to Lower South Bay contributes to strong |ongitudi nal gradients
in salinity and in concentrations of waste-derived solutes in the
| andward reach (Cononobs and ot hers, 1979). Consequently, the
novenent of water by tides alone contributes to |arge, short-term
variations in water-colum properties at fixed sites in the
| andward reach, such as the Dunbarton Bridge site in this study.

Diurnal range of the tide increases |andward in South Bay,
increasing fromabout 1.7mat Colden Gate to 2. 6m at Dunbarton
Bridge (Selleck and others, 1966). This increase in tidal range
conbi ned with shallow water depths in the |andward reach results
in tidal prisms (the volune of water that is noved by the tide)
that are large conpared to the volunes of water at nean tide
level. This is greatest in Lower South Bay, where the vol une at
mean lower |ow water is |ess than half the volune at nean higher
high water. In addition, the area covered by water in Lower South
Bay at nean |lower |ow water is less than half the surface area at
mean hi gher high water, indicating that over half of Lower South
Bay consists of shallow nud flats that are exposed at | ow tides.
The tidal prismof Lower South Bay is equivalent to about 24
percent of the volune of the basin bounded by the San Mateo and
Dunbarton Bridges at nean | ower | ow water.

Currents generated by the tides not only nove water nasses,
but also mx the water columm, particularly during periods of
strong tides. In addition to two high tides and two | ow tides
each lunar day (24.8 hr), there are diurnal differences between
the two high and the two | ow waters and the correspondi ng current
speeds. The tides and the tidal currents also vary on about a
t wo-week period, with two periods of stronger (spring) tides and
two periods of weaker (neap) tides per nonth. Likew se,
sem -annual cycles with two periods of weak tides near the
equi noxes and periods of strong tides near the solstices are
apparent in the tidal record. Thus, |ongitudinal transport and
m Xxing due to tides varies on tinme scales fromhours to nonths.
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Weat her and climte variables are also inportant to
transport and mxing in South Bay. Wnds can be effective in
m xing the water colum in South Bay and in generating currents
that nove watermasses (Walters and others 1985; Huzzey and others
1990). Depending on wi nd speed and direction and the bathynetry
of South Bay, wind can produce net currents that enhance or
oppose residual circulation driven by tides or other processes.
An annual pattern in wind speeds in South Bay is apparent, with
generally stronger daily nmean wi nd speeds in |late spring through
summer (Cononos and others 1985). These seasonal w nds are
typically fromthe west or north-west, and vary in speed over the
day. Wnd speeds are |low at night, then increase during daylight
hours to maxi numvalues in the |ate afternoon. During w nter and
spring, stormfronts and other weather-rel ated phenonena produce
strong winds that usually last for a few days. During storns,
winds will often increase in speed fromthe south, then bl ow from
the north after passage of the front. Strong winds fromthe north
are particularly effective in noving surface waters | andward in
South Bay (Walters 1982). Strong winds, in general, are effective
in mxing the water colum in nost areas of South Bay.

Hydrol ogi ¢ Characteristics of the 1990-1993 Water Years

Rai nfall and runoff were below normal in northern California
during water years 1987-92. Rainfall during water year 1993 was
greater than normal, marking the end of 6 years of drought
conditions. This is illustrated by records fromthe San Francisco
International Airport (SFOQ fig. 2) showing that rainfall during
nost wi nter nonths was bel ow normal (long term average) from
wat eryears 1990 through 1992. However, the nunber of storns and
the amount of rainfall increased with each year over the four
years of this study. Therefore, results for 1990-93 enconpass a
range of climatic conditions during winter, progressing fromvery
dry to wetter than normal.

As shown in figure 2, the anount of rainfall varies greatly
over the seasons. As a consequence, evaporation from South Bay
can exceed the supply of water from precipitation and runoff many
nmont hs of the year. Evaporation exceeded precipitation in the
| andward reach of South Bay (Newark; fig. 2) during nost nonths
of this study. During the first three years, precipitation
exceeded evaporation only during March 1991 and February 1992.
Particularly | arge excesses in evaporation were seen year round
in 1990. Direct effects of evaporation on concentrations of
di ssol ved substances woul d be nost apparent in the | andward
reach, because of shallow water depths and |arge intertidal
ar eas.
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The four-year trend of increasing precipitation in northern
California is reflected in the flow of major rivers into North
Bay (delta outflow) and in runoff fromlocal streams into the
| andward reach of South Bay (fig. 3). Delta outflow directly
affects the salinity field and a suite of other water-colum
vari ables in North Bay, which in turn influences conditions in
Sout h Bay (Cononos and others, 1979). During water-years 1990
t hrough 1992, delta outflow was generally |ow, but exhibited
peaks during major storns primarily in wnter and spring (fig.3).
In contrast, flow was nuch greater during nost of the 1993 water
year. Annual nean flows over the first three years (1990, 155
nB8/s; 1991, 172 nB/s; 1992, 203 m 3/s) indicate a small increase,
but nean flow for the 1993 water year, 748 m 3/s, was mnuch
greater and close to the annual nean delta outflow for the
previous 38 years (780 nB/s) . These values for delta outfl ow
were conputed with the DAYFLOW program which is based on
measured river flows and diversions fromthe delta (CDWR 19%$6)

Flows in gaged streans that discharge into the |andward
reach of South Bay showed a simlar increase in runoff over the
termof this study (fig.3). Gaged streans that flow to Lower
Sout h Bay account for only about one-quarter of the watershed
(USGS annual reports, 1990-93), in part because many streans are
i npounded by reservoirs and percol ati on ponds. Therefore, the
actual anount of freshwater discharge by streans and urban runoff
i s unknown. Annual nean flow to the | andward reach of South Bay
(Patterson Creek plus gaged streanflow to Lower South Bay)

i ncreased by a small amount over the first three years of this
study (1990, 0.75 m 3/s; 1991, 1.09 nB/s; 1992, 1.44 nB/s), but
was greatest during 1993 (5.92 nB/s). In nost cases, flowin
these local streans was significant only during and i nmedi ately
followng storms in wnter and spring. Exceptions for the
Patterson Creek distributary of Al aneda Creek (fig. 1) included
times when waters were rel eased from upstreamreservoirs.
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METHCDS

After construction of the new Dunbarton Bridge, which
parallels the old bridge approxi mtely 50m seaward, the center
section of the old Dunbarton Bridge was denolished and the
remai ni ng eastern causeway was converted to a public fishing
pier. The California State Departnment of Water Resources
constructed a small structure near the west end of the fishing
pi er during sumrer 1989. Water depth at the site is about 6m at
mean tide level. The U S. GCeological Survey installed sensors
for salinity, tenperature, and water |evel, then began data
collection in Cctober 1989.

Two instrunment wells were cut into the floor of the
structure, each with a hand wi nch, stainless steel cable, and a
50 kg cenent wei ght. A sensor package was suspended in the water
col utm about 1m above the substrate in one well during 1990-1993.
The sensor package consisted of an el ectrodel ess conductivity
sensor, linearized therm stor elenents, and a strain-gage
pressure transducer nounted on a stainless steel pressure vessel
that contained associated electronic circuitry. Analog circuitry
within the sensor package produced an output voltage proportional
to salinity fromthe conductivity signal and a therm stor
network. Sensors and el ectronic designs were simlar to those
descri bed by Dedini and Schenel (1980). The sensor package was
connected by cable to a battery power supply and a solid-state
data | ogger located within the structure on the pier.

Near - surface-water salinity and tenperature were neasured during
March and April of 1991 and 1992 using a self-contai ned version
of the instrunent system suspended 1m bel ow the water surface
froma float deployed fromthe other instrunment well. Al field
measurenents were nmade at 15-m nute intervals.

Sensors were calibrated in the | aboratory for tenperature (5
to 25 degrees Celsius, °C) and salinity (2 to 33 practical
salinity units, psu; Lewis 1980). In addition, data fromthe
near - bott om sensor package were corrected for small differences
bet ween i nstrunent readi ngs and val ues for surface-water sanples
col l ected (by bucket) next to the sensors in the field (see
Appendi x Table 1). Oiginally, these field corrections were
intended to conpensate for linear (wwth tinme) electronic drift,
but nost di screpanci es between sensor readings and field sanpl es
appeared related to variability in the water columm, bi ol ogical
fouling, or a conbination of both. Consequently, bucket sanple
tenmperatures were not used for corrections at tines during spring
when strong wat er-colum heating was apparent, and no corrections
were made for salinity when the conductivity sensor was heavily
foul ed (see bel ow).
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Salinity of calibration sanples was determ ned in the
| aboratory. The conductivity ratio of each sanple was neasured on
a Quildline Autosal salinoneter that was calibrated with a
secondary standard of Pacific Ocean sea water. Salinity was
conput ed usi ng equations consistent wwth the Practical Salinity
Scal e of 1978 (Lewi s 1980). Salinity and conductivity ratio
val ues for the secondary standard were established by conpari son
w th standard seawater (I APSO Standard Seawater Service). The
accuracy of the salinity neasurenents for bottle sanples was
approximately 0.01 practical salinity units (psu); however, the
accuracy of neasurenents nade by the sensors at Dunbarton Bridge
was probably 0.1 to 0.2 psu. To assure the accuracy of salinity
measurenents in the | aboratory, 10 to 25 percent of the sanples
fromeach anal ytical run were re-anal yzed during the foll ow ng
run. These results are shown in Appendi x Table 2. As expected,
val ues were typically higher for the second anal ysis due to
evaporation. The maxi num value for the difference over the
four-year period was 0.050 psu; however, values for 105 of the
116 conparisons were |ess than 0.020 psu. In addition to
denonstrating a high degree of reproducibility in the nmeasurenent
of salinity, these results suggest that the | aboratory
measurenments were consistent fromone analytical run to the next.

The el ectrodel ess conductivity sensors were sensitive to
obstructions in the approximately 2.5 cmcentral bore of the
sensor head. Because the near-bottom sensor was nounted deep in
the water columm, plant growth progressed slowy in the subdued
light and was usually not a maj or problem However, small fish
and invertebrates often obstructed the sensor bore during spring
and sumrer, and efforts to discourage themwere |argely
unsuccessful. The invertebrates would infest the sensor when a
smal | amount of plant growh was present, and the effect on the
conductivity signal was simlar to major fouling by plant growth
al one. Fortunately, sections of the data record that were
affected in this manner were easily identified and the affected
bl ock of data was renoved fromthe data base. However, in the
case of small fish periodically seeking shelter in the sensor
head, affected sections of the data record were not easily
identified and sone questionable data still remains in the final
data set. For exanple, decreases in sensitivity were often
indicated for only a few hours of the day or during periods of
relatively weak tidal currents. On several occasions a fish was
found in the sensor head after an anomal ously | ow cali bration
val ue was recorded. Various preventative neasures were
unsuccessful, leading us to believe that a different design of
conductivity sensor is needed when fouling by small fish is a
pr obl em

12



Measurenents of water |evel were made with a strain-gage
pressure sensor that was not corrected for variations in
at nospheric pressure or anbient tenperature. Consequently, these
data are considered relative, and only differences that are
greater than 0.1m m ght be significant. The primary val ue of
these data is to identify the stage of the tide and thus the
novenent of water in and out of the Lower South Bay basin. For
conveni ence in conparing the salinity and tenperature data to
nmeasured tides, the nean water depth was renoved from each data
record (one to two weeks |long) after adjustnent for small changes
in sensor offset voltage. The nean value froma data record is
not the sane as nean tide height and the value can vary with the
Il ength of the record and the characteristics (primarily
anpl i tudes) of the tides.

In the presentation of the data bel ow, neasurenents of water
level fromthis study (tide heights) and val ues predicted from
results of harnonic anal yses of tide records (Cheng and Gartner,
1984) are utilized. Tide heights shown with neasurenents fromthe
near -surface sensors were predicted; neasured tide heights are
shown with the values fromthe near-bottom sensors.

13



RESULTS

Measurenents fromthis study are contained in files on the
four IBMformatted, high-density disks provided with this report.
These data files are free-format, comma delimted, ASCI| text
files. Colum headers are shown in Table 2. Measurenents were
made over nost of the four-year period by the near-bottom sensor
and during March and April of 1991 and 1992 with the 1mdepth
sensor in 1991 and 1992. Tine-series plots of all neasurenents
are presented in the appendi x figures 1-17, which correspond to
the data in the files. An overview of the near-bottom sensor
results is presented below. Variations in salinity and
tenperature are described here first relative to daily tides and
the fortnightly, spring-neap tidal cycle, then daily nean val ues
are used to examne variability over |longer tinme scales.

Table 2. Columm identification for comma-delimted, ASCI| files
contai ni ng 15-m nute-interval neasurenents.

Fi |l e Nanes) Col um Nunber, header, and units

NEAR- BOTTOM SENSORS

RDVBYRA- D. DAT Cl Cal endar Year

(YR = Cal endar C2 Day of Cal endar Year with Decimal Tine
year 90-93) C3 Time in HRHW (HR = hour; MN = mnute)
(A-D = annual A Salinity in psu
gquarters) C5 Tenperature in degrees Cel sius

Co6 Rel ative water level (tide) in neters

NEAR- SURFACE SENSORS

RBYBYR. DAT C1 Cal endar Year, YR

(YR = Cal endar Day of Cal endar Year with Decimal Tine
year 90-93) Time in HRHW (HR = hour; MN = mnute)

Salinity in practical salinity units

Tenperature in degrees Cel sius

Predicted water level in neters

8BRAQ
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Variability on Tidal Tinme Scales

Transport of water by tidal currents is a major cause of
short-termvariability in water-columm properties at Dunbarton
Bridge. The levels of variability are directly related to the
magni t udes of | ongitudinal gradients in water-colum properties
in this reach of South Bay (Cononos and others, 1979). These
gradients result fromstream and nunici pal waste inflows, the
bat hynetry, and other factors that were described above. In
addition to variations in tidal energy over daily (diurnal),
fortnightly, and sem -annual tine scales, |ongitudinal gradients
in water-colum properties also change in response to a variety
of hydrologic and climatic variables. An exanple of effects of
tides and freshwater inflow on salinity at Dunbarton Bridge is
descri bed bel ow.

Figures 4 and 5 show neasured and predicted water |evels and
salinity at Dunbarton Bridge for two six-day periods. During the
period in Novenber 1992 (fig. 4) , no appreciable rainfall or
runoff was recorded, but the variability in water |evel (tidal
energy) increased. Measured water |evels were very simlar to
those predicted for the sane tine period. At the beginning of the
period, the two |low tides of each day were nearly equal and the
tidal range was not as great as that a few days later. Salinity
varied in a manner that was consistent with the | ongitudinal
gradient in salinity and the transport of water by the tides.
Salinity was highest at high water, then lowest at |ow water. The
salinity at the lowest tide of each day decreased over the
period, indicating the greater influence of water from Lower
South Bay that is continually diluted by waste inflows. The
increase in tidal range over the period was primarily the result
of decreases in the water level at the lower-lowtide. The
increase in water |evel at the higher-high tide was small over
the period, corresponding to a small increase in salinity at
hi gher - hi gh ti des.

Ti des were decreasing in strength over the record of
measured and predicted tides and salinity at Dunbarton Bridge
fromJanuary 1993 (fig. 5. Md-record, however, discharge from
| ocal streans increased in response to a major storm Daily flows
in streans to Lower South Bay on January 13 were the highest of
the 1993 water year. The variability in salinity indicated a
| ongi tudi nal gradient of higher salinity seaward, but a |arge
decrease in the salinity particularly at low tides was clearly
evident in the latter half of the record. In spite of the
decreasing range of the tide, the range in salinity over the tide
cycle increased, indicating a steeper |ongitudinal gradient with
t he advent of freshwater inflow.
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MEASURED AND PREDICTED TIDES IN METERS

324 325 326 327 328 329 330
DAY NUMBER: 1925 NOVEMBER 1992

MEASURED SALINITY IN PRACTICAL SALINITY UNITS

Figure 4. Salinity and measured (dots) and predicted (lines) values
for tides at Dumbarton Bridge during November 19-25,1992.
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DAY NUMBER: 1016 JANUARY 1993

MEASURED AND PREDICTED TIDES IN METERS
N
MEASURED SALINITY IN PRACTICAL SALINITY UNITS

Figure 5. Salinity and measured (dots) and predicted (lines) values
for tides at Dumbarton Bridge during January 10-16, 1993.
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A decrease in baronetric pressure (as great as 21 mllibars,
nb, in 24 hours)and strong southerly w nds acconpani ed the
passage of the stormfront in md-January 1993. Stornms such as
t hese have been related to episodic increases insea |evel at the
Col den Gate, in the seaward reach of South Bay, and in NorthBay
(Walters 1982; Walters and Gartner 1985). Measured tide heights
at Dunbarton Bridge exceeded predicted values by as nmuch as 0.3 m
during periods of |ow baronetric pressure over January 13-16
(fig. 4). Strong southerly wi nds along the coast al so increase
wat er depth in the bay, but strong wi nds are probably nore
inportant in vertically mxing the water colum in South Bay.
Vertical mxing reduces salinity stratification, and m ght have
been a factor in the large and rapid response of the near-bottom
salinity sensor to inflow fromlocal streans.

In general, the daily range in salinity at Dunbarton Bridge
appeared to be greatest during tinmes of local streaminflowto
Lower South Bay. Although dependent on tides, the daily range in
salinity was typically about 2 psu. During tinmes of |ocal stream
i nfl ow, however, daily ranges were as great as 8 psu.

Al t hough the sol ar cycle causes daily variations in water
tenperatures, shorter-termvariability with tides was al so seen
in tenperature at Dunbarton Bridge (see appendi x figures).

Di urnal ranges of about 2 degrees were typical except during
spring and late fall. It appeared that changes in air tenperature
and insolation during spring and fall affected the shall ower
waters of Lower South Bay to a greater extent than the deeper
waters seaward. This resulted in highest tenperatures at
Dunbarton Bridge at the | owest tides during spring, when even
short periods of unusually high air tenperatures resulted in
increases in the daily range in tenperature to values as great as
4 degrees. Simlarly, when air tenperatures dropped during fall,
tenperatures were lowest at |low tides and the diurnal range

i ncreased at Dunbarton Bridge.
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Variability on Tine Scales of Days

Cl ose exam nation of the daily nean values for salinity and
t enperature showed changes in values that often coincided with
t he passages of storns and other weather-rel ated events, such as
hi gh speed wi nds, over just a few days. The foll ow ng
descri ptions enphasi ze short-term or event-scal e changes in
(daily nean) salinity and tenperature at Dunbarton Bridge during
the 1993 water year. Daily nean val ues reduce the variability
directly caused by daily tides; however, effects of tides are not
elimnated, in part because the tidal period is slightly |onger
(24.8h) than a sol ar day.

During 1992-94, neteorol ogical data were collected hourly at
the Port of Redwood Gty (RAC, fig. 1) to aid in identifying
weat her-rel ated variations in water-colum properties in the
| andward reach (Schenel, 1995). Daily nean val ues for solar
irradi ance (insolation) and air tenperature at RAC and wat er
tenperature at Dunbarton Bridge are shown in figure 6. These
i rradi ance val ues foll owed the annual sol ar cycle, but also
showed the influence of cloud and fog cover. Both air tenperature
at RWC and water tenperature at Dunbarton Bridge exhibited an
annual cycle, but both al so showed shorter termvariability
associated wth weather-rel ated events. Short periods of cold air
tenperatures during winter and warm air tenperatures during
summer at RWC coincided wwth simlar variations in water
tenperature at Dunbarton Bridge, denonstrating a high degree of
at nosphere-water coupling in this shallow reach of the bay.

Rapi d decreases in salinity at Dunbarton Bridge during
Decenber through April 1993 coincided with storns that produced
| argel y-epi sodic increases in streanflow to Lower South Bay (fig.
7). Response of salinity to large inflows of freshwater was
nearly i medi ate, even though the sensor was near the bottom of
the water columm. Periods of sustained flow fromlocal streans,
such as in |ate January, corresponded with continued decreases in
salinity at Dunbarton Bridge. Local streanflow to | ower South Bay
was mnimal after md-April, and salinity increased at Dunbarton
Bri dge. Although | ocal streanflow al one appeared to explain nuch
of the variability observed at Dunbarton Bridge during w nter
1993, observations made by USGS at other |ocations in South Bay
will be needed to differentiate between effects of |ocal stream
inflow and circul ati on processes. This anal ysis was beyond the
scope of this report.
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1993 water year.
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Seasonal and Interannual Variability

The | argest tinme-dependent variations in the four-year
record were associ ated with seasonal changes in weat her and
year-to-year variability in climate. Tine courses for daily nean
val ues and val ues for calibration sanples for salinity and
tenperature at Dunbarton Bridge are shown in Figure 8 for al
four years of this study. Even though values for the calibration
sanpl es were affected by tide height during the sanpling, these
val ues did show the sane pattern as daily nean val ues for the
near-bottom sensors. In sone cases, the differences are due to
thermal and salinity stratification of the water col um.

The seasonal range in water tenperature was about 15
degrees, roughly 10 to 25 degrees Cel sius. Unusually | ow nean
val ues of about 8 degrees were observed during | ate Decenber
1990, during a period when air tenperatures were bel ow normal for
several days. The annual pattern in daily mean water tenperature
generally foll owed the annual solar cycle. Water tenperatures
wer e hi ghest during sumrer, peak values typically occurring in
July or August. Water tenperatures typically were | owest during
Decenber or early winter.

Salinity reached maxi num val ues (typically 32 to 33 psu)
during late summer. However during 1993, the year with the
hi ghest | ocal streaminflow and the highest delta outfl ows,
| at e-sunmer values for salinity were | ower than in previous
years. This was confirned by i ndependent neasurenents of
near-surface waters near Dunbarton Bridge (Caffrey and ot hers,
1994). Lowest salinities were observed during the winter storm
season, and the m ni num val ues were progressively lower in
magni t ude each year, which is consistent wwth the increase in
precipitation and runoff over the four-year study.

Salinity typically decreased over fall even when relatively
little precipitation, |local streanflow, or increase in delta
outfl ow occurred. An anal ysis beyond the scope of this report
woul d be required to explain this phenonenon. However, one
possi bl e explanation links the decrease in salinity during fal
to the seasonal decrease in evaporation rates. Alternatively,
enhanced | ongitudinal circulation during fall m ght be a factor.
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SUMVARY

Measurenents of salinity, tenperature, and water |evel
(tides) were made at Dunbarton Bridge during water years 1990-93
usi ng el ectronic sensors |ocated 1m above the substrate in
approximately 6m of water (at nean tide level). Salinity and
tenperature were al so neasured in near-surface waters (1m depth)
during March and April of 1991-1992 using a self-contained
floating version of the instrunent system Results fromthis
study showed that salinity and tenperature were strongly
i nfluenced by tides, and that factors related to climate and
weat her caused variations on tine scales ranging fromhours to
years. Tinme-series plots are provided in the appendi x, which
correspond to the data contained in comma-delimted ASCI| text
files on the encl osed high-density disks.
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Appendi x Table 1. Calibration sanple (standard, STD) val ues and
near - bott om sensor (SENSOR) values for salinity in practica
salinity units and tenperature in degrees Cel sius and
corrections applied to the field data at Dunbarton Bri dge.

Dat e Tenper ature Salinity Corrections Applied
MJ DA/ YR STD SENSOR STD SENSCR Tenperature Salinity
09/26/89 20.3 20.38 31.08 31.00 -0.08 +0. 08
10/04/89 19.4 19.52 30.57 30.58 -0.08 +0. 05
10/04/89 19.5 19.52 30.77 30.78 -0.02 +0. 01
10/12/89 19.65 19.81 ----- 30.41 -0.16 ----
10/12/89 19.5 19.71 30.66 30.62 -0.21 +0. 04
10/25/89 17.1 17.31 30.42 30.29 -0.21 +0. 13
10/25/89 17.4 17.36 30.20 30.14 +0.04 +0. 06
11/08/89 ---- 16.08 30.10 29.90 ----- +0. 20
11/08/89 ---- 16.03 29.95 29.93 ----- +0. 02
11/15/89 15.8 15.85 30.24 30.02 -0.05 +0. 12
11/15/89 15.8 15.86 30.42 30.19 -0.06 +0. 23
11/29/89 14.1 14.24 29.87 29.94 -0.14 -0.07
11/29/89 14.0 14.19 29.75 30.39 -0.19 -0.64
12/07/89 13.4 13.39 29.50 29.42 +0.01 +0. 08
12/07/89 13.2 13.21 28.77 28.73 -0.01 +0. 04
12/15/89 10.7 10.81 28.95 29.02 -0.11 -0.07
12/15/89 11.0 11.16 29.18 29.27 -0.16 -0.09
12/24/89 10.8 10.79 29.71 29.99 -0.01 -0.28
01/02/90 9.9 9.99 28.45 28.48 -0.09 -0.03
01/02/90 9.7 9. 80 28.61 28.62 -0.10 -0.01
01/08/90 11.6 11.24 28.60 28.62 -0.36 -0.02
01/08/90 11.4 11.32 28.46 28.53 +0.08 -0.07
01/18/90 10.6 10.73 26.92 26.95 -0.13 -0.03
01/18/90 10.8 10.96 26.87 26.37 -0.16 +0. 50
01/23/90 9.6 9. 89 27.83 28.52 -0.29 +0. 31
01/23/90 9.75 9.93 28.33 28.42 -0.18 -0.09
01/30/90 10.7 10.79 27.05 27.29 -0.09 -0.24
01/30/90 10.8 10.85 27.21 27.28 -0.05 -0. 07



Appendi x Table 1. -- Conti nued

Dat e Tenper ature Salinity Corrections Applied
MJ DA/ YR STD SENSOR STD SENSOR Tenperature Salinity

02/06/90 10.2 10.24 27.71 27.77 -0.04 -0. 06
02/06/90 10.1 10.27 27.55 27.62 -0.17 -0. 07
02/12/90 11.4 11.51 26.64 ----- -0.11 ----
02/12/90 11.4 11.51 26.87 ----- -0.11 ----
02/20/90 ---- 8.56 24.72 26.58

02/20/90 ---- 8.62 24.93 27.64 -----  -----
02/26/90 11.85 12.02 26.57 ----- -0.17 -----

02/ 26/ 90 11. 11.54 27.56 27.80 +0.16 -

03/05/90 11.
03/05/90 11.

12.05 26.60 26.73 -0.15 -
12.03 26.58 26.62 -0.13 -

03/08/90 13. 13.52 26.30 26.37 +0.08

03/16/90 13. 13.09 26.82 26.86 +0.21

03/ 26/ 90 15.
03/ 26/ 90 15.

15.65 27.64 27.66 -0.05
15.52 27.72 27.80 +0.08

04/ 02/ 90 16.
04/ 02/ 90 16.

16.30 26.22 26.28 +0.10
16.34 26.20 26.24 +0.16

1

OO 00 00 o o oo o
o
N

04/ 09/ 90 16. 16.22 27.44 27.44 +0.18 +0. 00
04/ 09/ 90 16. 16.20 27.48 27.54 0.00 -0. 06
04/ 18/ 90 18. 18.25 26.71 26.74 +0.15 +0. 03
04/ 27/ 90 18. 18.19 26.70 26.59 +0.01 +0. 11
04/ 27/ 90 18. 18.26 26.57 26.57 +0.04 +0. 00
05/03/90 17. 17.51 29.04 29.03 -0.01 +0. 01
05/03/90 17. 17.50 29.07 29.13 0.00 -0. 06
05/10/90 18. 19.08 27.70 27.70 -0.28 +0. 00
05/10/90 18.75 19.09 27.72 27.73 -0.34 -0.01

05/ 17/ 90 17. 17.74 29.92 27.08 +0.06 ----

H O ~N O ~ 00 (N wWnN g NA OO OO0 W O OO ~ 00

05/17/90 17. 17.72 29.79 29.82 -0.02 -0.03
05/ 21/90 16. 16.39 29.74 29.88 +0.30 -0.14
05/ 21/90 17. 16.72 29.57 29.80 +0.68 -0.03



Appendi x Table 1. -- Conti nued

Dat e Tenperature Salinity Corrections plied
MJ DA/ YR STD SENSOR STD SENSOR Tenperature Salinit
05/29/90 17.9 17.51 24.96 25.30 +0.39 -0.34
05/29/90 17.9 17.63 24.96 25.24 +0.27 -0. 28
06/04/90 19.5 19.56 28.50 28.68 -0.06 -0.18
06/04/90 19.5 19.44 28.74 29.00 +0.06 -0. 26
06/12/90 21.5 20.70 27.51 27.45 +0.80 +0. 06
06/12/90 21.3 20.68 27.59 27.52 +0.62 +0. 07
06/18/90 18.8 18.99 30.10 30.10 -0.19 0. 00
06/18/90 19.0 19.16 29.91 29.99 -0.16 -0.08
06/28/90 19.9 19.89 29.83 29.76 +0.01 +0. 07
06/28/90 20.0 20.00 29.63 29.64 0.00 -0.01
07/05/90 21.4 25.55 29.20 24.54 ----- ----
07/13/90 ---- 22.87 30.02 30.12 ----- -0.10
07/18/90 21.8 21.92 31.13 31.16 -0.12 -0.03
07/18/90 21.8 21.88 31.11 31.25 -0.08 -0.14
07/26/90 20.1 20.19 30.21 30.26 -0.09 -0.05
07/26/90 20.3 20.10 30.17 30.21 +0.20 -0.04
07/31/90 21.9 21.96 31.61 31.67 -0.06 -0.06
07/31/90 22.3 22.30 31.62 31.64 0.00 -0.02
08/07/90 23.1 23.12 30.28 30.30 -0.02 -0.02
08/07/90 22.9 22.95 30.44 30.55 -0.05 -0.11
09/13/90 20.7 20.63 32.23 32.20 +0.07 +0. 03
09/19/90 20.7 20.73 30.96 30.94 -0.03 +0. 02
09/19/90 20.8 20.82 31.15 31.12 -0.02 +0. 03
09/25/90 21.2 21.24 31.63 31.60 -0.04 +0. 03
09/25/90 21.2 21.20 31.60 31.55 0.00 +0. 05
10/05/90 21.2 21.35 30.66 30.55 -0.15 +0. 11
10/05/90 21.3 21.36 30.69 30.69 -0.06 0.00
10/12/90 20.7 20.54 31.39 31.34 +0.16 +0. 05
10/12/90 20.7 20.37 31.47 31.37 +0.33 +0. 10



Appendi x Table 1. -- Conti nued

Dat e Tenperature Salinity Corrections pl

MJ DA/ YR STD SENSOR STD SENSOR Tenperature Salini
10/19/90 18.8 18.76 31.35 31.38 +0.04 +0. 03
10/19/90 18.7 18.80 31.52 31.44 -0.10 +0. 08
10/26/90 18.6 18.34 30.59 30.82 +0.26 -0.23
10/26/90 18.5 18.38 30.95 30.94 +0.12 +0. 01
11/02/90 15.8 15.37 31.54 31.50 +0.43 +0. 04
11/02/90 16.0 15.94 31.94 31.91 +0.06 +0. 03
11/06/90 14.0 13.93 31.09 31.09 +0.07 0. 00

11/06/90 13.9 13.94 31.12 31.13 -0.04 -0.01
11/16/90 14.7 14.69 31.49 31.34 +0.01 +0. 05
11/16/90 14.7 14.69 31.57 31.59 +0.01 -0.02
11/20/90 14.0 14.06 31.07 31.20 -0.06 -0.13
11/20/90 12.6 12.33 31.18 31.22 +0.27 -0.04
11/30/90 11.7 11.73 31.14 31.33 -0.03 -0.19
11/30/90 12.1 12.05 31.50 31.59 +0.05 -0.09
12/07/90 11.0 10.89 30.71 30.87 +0.11 -0.16
12/07/90 11.0 10.85 30.61 30.68 +0.15 -0.07
12/14/90 11.4 11.35 31.02 31.08 +0.05 -0.06
12/14/90 11.4 11.27 31.03 31.07 +0.13 -0.04
12/21/90 6.4 6.70 28.88 28.92 -0.30 -0.04
12/21/90 6.4 6.62 28.93 28.91 -0.22 +0. 02
12/29/90 6.8 6.87 30.54 30.61 -0.07 -0.07
12/29/90 6.9 6.81 30.53 30.59 +0.09 -0.06
01/05/91 6.45 6.41 29.28 29.36 +0.04 -0.08
01/05/91 6.5 6.06 29.27 29.19 +0.44 +0. 08
01/12/91 8.8 8.49 29.53 29.67 +0.31 -0.14
01/12/91 8.4 8.17 30.01 30.00 +0.23 +0. 01
01/19/91 10.4 10.38 29.05 29.07 +0.02 -0.02
01/19/91 10.4 10.30 29.08 29.05 +0.10 +0. 03
01/26/91 9.8 9.63 30.06 30.19 +0.17 -0.11
01/26/91 9.8 9.51 30.07 30.14 +0.29 -0. 07

A5



Appendi x Table 1. -- Conti nued

Dat e Tenper ature Salinity Corrections Applied
MJ DA/ YR STD SENSOR STD SENSOR Tenperature Salinity
02/02/91 10.7 10.41 27.95 28.00 +0.29 -0.05
02/02/91 10.4 10.54 28.12 28.19 -0.14 -0.07
02/09/91 11.5 11.53 28.73 28.74 -0.03 -0.01
02/09/91 11.6 11.66 28.66 28.65 -0.06 +0. 01
02/17/91 13.1 13.07 27.42 27.39 +0.03 +0. 03
02/17/91 13.4 13.38 27.30 27.33 +0.02 -0.03
02/23/91 13.6 13.51 28.82 28.86 +0.09 -0.04
02/23/91 13.5 13.37 28.54 28.53 +0.13 +0. 01
03/02/91 13.8 13.75 26.34 26.35 +0.05 -0.01
03/02/91 13.9 13.74 26.71 26.67 +0.16 +0. 04
03/09/91 12.6 12.48 25.35 25.33 +0.12 +0. 02
03/09/91 12.7 12.62 25.38 25.24 +0.08 +0. 14
03/18/91 10.6 10.55 25.40 25.36 +0.05 +0. 14
03/18/91 10.7 10.52 25.31 25.33 +0.18 -0.02
03/22/91 11.2 11.26 24.38 24.28 -0.06 +0. 10
03/22/91 11.4 11.30 24.38 24.33 +0.10 +0. 05
03/30/91 13.8 13.78 24.56 24.57 +0.02 -0.01
03/30/91 13.8 13.80 24.64 24.60 0.00 +0. 04
04/05/91 ---- 15.71 23.88 24.03  ----- -0.15
04/05/91 ---- 15.63 23.89 24. 14  ----- -0.25
04/ 13/91 14.4 14.21 26.30 26.17 +0.19 +0. 13
04/13/91 ---- 14.21 26.29 26.22 ----- +0. 07
04/19/91 14.9 14.96 25.00 24.82 -0.06 +0. 18
04/19/91 15.0 15.10 24.99 24.83 -0.10 +0. 16
04/27/91 15.9 15.77 25.96 25.66 +0.13 +0. 30
04/27/91 16.0 15.84 25.98 25.72 +0.16 +0. 26
04/ 30/91 17.65 17.66 25.09 24.84 -0.01 +0. 25
04/30/91 17.6 17.60 25.32 25.24 0.00 +0. 08
05/10/91 16.0 15.99 27.33 27.16 +0.01 +0. 17
05/10/91 15.9 15.89 27.33 27.22 +0.01 +0. 11

A6



Appendi x Table 1. -- Conti nued

Dat e Tenper ature Salinity Corrections pl

MO DA/ YR STD SENSOR STD SENSOR Tenperature Sali ni
05/25/91 18.5 18.49 28.14 27.80 +0.01 +0. 34
05/25/91 18.4 18.40 28.21 27.94 0.00 +0. 27
05/31/91 18.3 18.29 27.68 27.27 +0.01 +0. 41
05/31/91 18.2 17.98 28.16 27.92 +0.22 +0. 24
06/07/91 19.9 19.77 28.84 28.54 +0.13 +0. 30
06/07/91 19.8 19.63 28.73 28.64 +0.17 +0. 09
06/22/91 18.0 17.98 30.01 29.81 +0.02 +0. 20
06/22/91 18.4 18.19 29.60 29.86 +0.21 -0. 26
07/06/91 22.4 22.24 30.23 30.14 +0.16 +0. 09
07/06/91 22.4 22.21 30.15 30.01 +0.19 +0. 14
07/19/91 21.1 21.12 30.75 30.52 -0.02 +0. 23
07/19/91 21.4 21.24 30.57 30.55 -0.16 +0. 02
08/09/91 22.4 22.21 31.52 ----- +0. 19 ----

08/09/91 22.6 22.26 31.51 31.40 +0.34 +0. 11
08/31/91 21.1 21.12 31.16 ----- -0.02 ----

08/31/91 20.9 21.03 31.26 31.08 -0.13 +0. 12
09/30/91 20.2 20.31 31.13 31.27 -0.11 -0.14
10/10/91 21.0 20.87 31.23 31.39 +0.13 -0.17
10/10/91 21.4 21.01 31.40 31.63 +0.39 -0.23
10/22/91 20.2 20.26 31.84 31.98 -0.06 -0.14
11/01/91 14.75 14.81 30.50 30.68 -0.06 -0.18
11/01/91 14.85 14.83 30.64 30.75 +0.02 -0.11
11/15/91 14.7 14.65 31.14 30.84 -0.05 +0. 30
11/15/91 14.6 14.68 31.12 31.26 -0.08 0.14

11/26/91 13.3 13.38 29.86 30.14 -0.08 -0.28
11/26/91 13.5 13.59 30.25 30.34 -0.09 -0.09
12/10/91 10.6 10.63 30.00 30.12 -0.03 -0.12
12/10/91 10.55 10.54 30.24 30.54 +0.01 -0.30
12/23/91 9.95 9.97 30.91 31.13 -0.02 -0.22
12/23/91 10.0 9.93 30.72 30.90 +0.07 -0.18



Appendi x Table 1. -- Conti nued

Dat e Tenperature Salinity Corrections Appl
MJ DA/ YR STD SENSOR STD SENSOR Tenperature Sali

01/08/92 9.6 9.55 25.13 25.12 +0.05 +0. 01
01/15/92 9.3 9.31 28.21 28.27 -0.01 -0. 06
01/23/92 9.3 9.33 28.42 28.57 -0.03 -0.15
01/31/92 10.1 10.09 29.09 29.41 +0.01 -0. 32
02/05/92 11.1 11.15 28.94 29.10 -0.05 -0.16
02/15/92 11.9 11.95 22.99 22.56 -0.05 +0. 43
02/15/91 11.9 11.91 22.77 22.81 -0.01 -0.04
02/19/92 12.1 12.11 23.94 24.03 -0.01 -0.09
02/19/92 12.1 12.11 24.10 24.14 -0.01 -0.04
02/26/92 14.1 14.29 24.67 24.86 -0.19 -0.19
02/26/92 14.2 13.90 24.14 25.10 +0.30 -0. 96
03/03/92 14.9 15.06 25.39 25.34 -0.16 +0. 05
03/03/92 14.9 15.07 25.37 25.35 -0.17 +0. 02
03/09/92 14.5 14.22 22.10 22.16 +0.28 -0. 06
03/09/92 14.7 14.91 22.59 22.46 -0.21 +0. 13
03/17/92 15.1 15.07 24.30 23.85 +0.03 +0. 45
03/17/92 15.1 15.04 23.83 23.73 +0.06 +0. 10
03/26/92 16.2 16.27 22.97 ----- -0.07 ----

03/26/92 16.2 16.20 22.02 21.95 0.00 +0. 07
04/03/92 17.4 17.37 21.88 22.08 +0.03 -0. 20
04/03/92 17.7 17.61 22.24 22.16 +0.09 +0. 08
04/10/92 16.9 16.98 23.91 23.89 -0.08 +0. 02
04/10/92 16.9 16.93 23.91 23.77 -0.03 +0. 14
04/20/92 19.9 19.58 23.19 ----- +0. 32 ----

04/20/92 19.2 19.15 24.09 23.98 +0.05 +0. 11
05/01/92 19.65 19.69 24.96 24.81 -0.04 +0. 15
05/11/92 21.1 21.13 25.96 25.82 -0.03 +0. 14
05/11/92 20.95 21.06 25.84 25.65 -0.11 +0. 19



Appendi x Table 1. -- Conti nued

Dat e Tenperature Salinity Corrections Appl
MJ DA/ YR STD SENSOR STD SENSOR Tenperature Sali

05/22/92 19.6 19.81 25.77 ----- -0.21 ----

05/22/92 19.85 19.95 25.63 25.42 -0.10 +0. 21
06/01/92 22.3 22.62 25.59 25.35 -0.32 +0. 24
06/01/92 22.1 22.15 25.97 25.75 -0.05 +0. 22
06/10/92 20.65 20.84 27.91 27.42 -0.19 +0. 49
06/10/92 20.7 20.97 27.94 27.70 -0.27 +0. 24
06/19/92 20.4 20.14 27.00 ----- +0. 26 ----

06/19/92 20.4 20.13 27.04 26.64 +0.27 +0. 40
07/06/92 20.6 20.78 28.67 ----- -0.18 ----

07/06/92 20.6 20.82 28.58 28.49 -0.22 +0. 09
07/17/92 23.0 23.08 28.61 ----- -0.08 ----

07/17/92 23.2 23.27 29.44 29.58 -0.07 -0.14
07/28/92 22.5 22.60 29.20 29.11 -0.10 +0. 09
07/28/92 22.4 22.57 29.61 29.60 -0.17 +0. 01
08/04/92 21.15 21.27 30.06 29.53 -0.12 +0. 53
08/04/92 21.5 21.45 30.11 30.22 +0.05 -0.11
08/14/92 22.85 22.95 29.90 29.98 -0.10 -0.08
08/14/92 22.9 23.01 29.95 30.02 -0.11 -0. 07
08/24/92 21.45 21.57 31.70 ----- -0.12 ----

08/24/92 22.0 21.95 31.27 31.29 +0.05 -0.02
09/03/92 20.9 20.89 31.11 31.17 +0.01 -0.07
09/21/92 20.5 20.52 31.69 31.84 -0.02 +0. 15
10/02/92 20.3 20.56 31.44 31.49 -0.26 -0.05
10/ 14/92 20.75 20.78 31.25 31.39 -0.03 -0.14
10/14/92 20.7 20.61 31.38 ----- +0. 09 ----

10/23/93 19.5 19.61 31.13 31.20 -0.11 -0.07
10/23/92 19.5 19.64 31.14 31.31 -0.14 -0.17
11/05/92 18.6 18.68 31.15 31.34 -0.08 -0.19
11/05/92 18.65 18.72 31.17 31.38 -0.07 -0.21



Appendi x Table 1. -- Conti nued

Dat e Tenperature Salinity Corrections Appl
MJ DA/ YR STD SENSOR STD SENSOR Tenperature Sali

11/19/92 15.4 15.56 31.00 31.20 -0.16 -0. 20
11/19/92 15.4 15.56 30.99 31.22 -0.16 -0.23
12/01/92 13.1 13.24 30.87 ----- -0.14 ----

12/16/92 10.5 10.49 28.08 28.15 +0.01 -0. 07
12/16/92 10.5 10.45 28.04 28.24 +0.05 -0. 20
12/31/92 8.85 8.90 24.99 25.27 -0.05 -0. 28
12/31/92 8.9 8.94 24.83 25.03 -0.04 -0. 20
01/08/93 8.9 8. 95 26.18 26.32 -0.05 -0.14
01/20/93 9.9 9.97 24.29 24.34 -0.07 -0.05
02/01/93 10.4 10.36 19.25 19.11 +0.04 +0. 14
02/01/93 10.45 10.45 19.33 19.41 0.00 -0.08
02/16/93 11.6 11.71 19.92 ----- -0.11 ----

02/16/93 11.65 11.73 19.95 19.97 -0.08 -0. 02
03/01/93 11.4 11.36 14.77 14.73 +0.04 +0. 04
03/01/93 11.3 11.25 14.77 14.70 +0.05 +0. 07
03/16/93 16.1 16.15 17.01 16.85 -0.05 +0. 16
03/16/93 16.0 16.13 17.05 16.97 -0.13 +0. 08
03/29/93 17.0 17.01 15.45 15.31 -0.01 +0. 14
03/29/93 16.7 16.52 15.21 15.16 +0.18 +0. 05
04/02/93 15.7 15.66 17.16 16.97 +0.04 +0. 19
04/02/93 15.7 15.80 17.22 16.81 -0.10 +0. 41
04/13/93 15.3 15.28 16.68 ----- +0. 02 ----

04/13/93 15.3 15.28 16.63 16.46 +0.02 +0. 17
04/22/93 17.3 17.42 16.41 16.23 -0.12 +0. 18
04/22/93 17.3 17.50 16.53 16.52 -0.20 +0. 01
05/04/93 17.5 17.56 19.67 19.47 -0.06 +0. 20
05/04/93 17.85 18.00 19.83 19.75 +0.05 +0. 08
05/14/93 16.6 16.59 21.34 21.25 +0.01 +0. 09
05/14/93 16.6 16.60 21.31 21.19 0.00 +0. 12



Appendi x Table 1. -- Conti nued

Dat e Tenperature Salinity Corrections Applied
MO DA/ YR STD SENSOR STD SENSOR Tenmperature Salinit
05/24/93 19.6 19.69 20.69 ----- -0.09 ----
05/24/93 19.5 19.85 20.66 20.77 -0.35 -0.11
06/04/93 19.5 19.62 21.73 21.37 -0.12 +0. 36
06/04/93 19.6 19.71 21.88 21.79 -0.11 +0. 09
06/18/93 23.2 23.03 24.12 ----- +0.17  -----
06/ 18/ 93 23.25 23.13 24.27 24.57 +0.12 -0.30
07/01/93 23.0 23.04 24.06 ----- -0.04 ----
07/01/93 23.0 22.91 24.89 25.30 +0.09 -0.41
07/13/93 23.1 23.09 25.22 26.05 +0.01 -0.83
07/13/93 23.2 23.40 25.32 25.96 -0.20 -0.64
07/29/93 22.3 22.16 26.75 26.28 +0.14 +0. 47
07/29/93 22.55 22.43 26.50 27.79 +0.12 -1.29
08/ 12/93 20.65 20.45 27.37 ----- +0. 20 ----
08/12/93 20.45 20.72 27.49 29.09 -0.27 -1.60
08/25/93 22.3 22.32 27.93 28.02 -0.02 -0.11
08/25/93 22.4 22.33 27.65 29.04 +0.07 -1.39
09/08/93 21.7 21.63 27.97 27.27 +0.07 +0. 70
09/08/93 21.5 21.44 27.70 28.21 +0.06 -0.51
09/20/93 19.3 19.30 27.84 27.38 0.00 +0. 46
09/20/93 19.2 19.20 27.65 26.84 0.00 +0. 81
10/01/93 20.4 20.40 27.45 26.22 0.00 +1. 23

All



Appendi X

Tabl e 2.

Val ues for the initial
calibration sanples for sal

and second anal yses of
nity in practical salinity

units.
Dat e of Bottle Initial Second Initial mnus
Sampl e Nunber Salinity Analysis Second analysis
11/ 15/ 89 247 30.421 30. 430 -. 009
12/07/89 58 28. 772 28. 771 . 001
1/02/90 40 28. 453 28. 456 -. 003
1/08/90 404 28. 457 28. 465 -. 008
1/12/90 45 30. 008 30.016 -. 008
1/ 23/ 90 70 27.832 27. 847 -.015
1/ 30/ 90 221 27.048 27. 067 -.019
2/ 12/90 32 26. 869 26. 886 -.017
2/ 20/ 90 229 24.928 24.951 -.023
3/05/90 247 26.581 26. 617 -.036
4/ 09/ 90 3 27.435 27. 442 -. 007
4/27/90 23 26. 695 26. 705 -.010
5/03/90 90 29. 039 29. 049 -.010
5/ 10/ 90 241 27.696 27.702 -. 006
5/ 17/ 90 5 29.921 29.918 . 003
5/ 17/ 90 60 29. 793 29. 791 . 002
5/ 21/ 90 413 29. 738 29.734 . 004
5/ 21/ 90 416 29.572 29. 570 . 002
5/ 29/ 90 201 24. 964 24. 965 -.001
5/ 29/ 90 204 24.959 24.959 0. 000
6/ 04/ 90 214 28.774 28. 767 . 007
6/ 04/ 90 414 28. 510 28. 507 . 003
6/ 12/ 90 209 27. 505 27. 507 -. 002
6/ 12/ 90 222 27.592 27.594 -. 002
6/ 18/ 90 208 29. 913 29. 916 -. 003
6/ 18/ 90 211 30. 098 30. 096 . 002

Al2



Appendi x Table 2. --- Conti nued

Dat e of Bottle Initial Second Initial mnus
Sampl e Nunber Salinity Analysis Second anal ysis
6/ 28/ 90 57 29. 827 29. 811 . 016
7/ 18/ 90 207 31.126 31.134 -.008
7/ 18/ 90 244 31.113 31.114 -.001
7/31/90 120 31. 607 31.629 -.022
8/07/90 210 30. 442 30. 454 -.012
9/11/90 55 31.854 31.853 . 001
9/19/90 65 31.153 31. 152 . 001
10/05/90 201 30. 694 30. 693 . 001
10/ 05/ 90 228 30. 663 30. 661 . 002
10/ 12/ 90 220 31. 468 31. 467 . 001
10/ 26/ 90 416 30. 951 30. 952 -.001
10/ 30/ 90 233 31. 667 31.683 -.016
11/13/90 57 31.511 31.502 . 009
11/ 16/ 90 222 31. 490 31. 540 -. 050
11/16/90 50 31. 567 31.583 -.016
11/ 20/ 90 209 31. 069 31. 085 -.016
11/ 20/ 90 48 31.180 31.181 -.001
11/30/90 211 31. 498 31. 503 -. 005
11/ 30/ 90 60 31.144 31.172 -.028
12/ 07/ 90 202 30. 709 30.728 -. 019
12/07/90 213 30. 606 30. 626 -. 020
12/07/90 90 30. 779 30. 801 -.022
12/ 11/ 90 64 29. 650 29. 669 -. 019
12/ 14/ 90 14 31. 029 31.043 -.014
12/ 18/ 90 59 29. 350 29. 370 -. 020
12/ 21/90 405 28. 931 28. 933 -. 002
12/ 29/ 90 228 30. 532 30. 529 . 003

Al3



Appendi x Table 2. --- Conti nued

Date of Bottle Initial Second Initial mnus
Sampl e Nunber Salinity Analysis Second anal ysis
01/05/91 216 29. 277 29. 283 -. 006
02/02/91 120 27.954 27. 963 -. 009
02/ 08/ 91 212 28. 081 28. 089 -. 008
02/ 17/91 244 27. 300 27. 304 -.004
03/02/91 57 26.710 26. 706 . 004
03/09/91 213 25. 376 25. 380 -. 004
03/ 18/ 91 204 25. 396 25. 401 -. 005
03/ 30/ 91 48 24.561 24. 567 -. 006
04/ 05/ 91 63 23. 888 23. 894 -. 006
05/ 10/ 91 43 27. 333 27. 320 +.013
06/07/91 5 28. 840 28. 859 -.019
07/ 06/ 91 55 30. 145 30. 165 -. 020
07/ 19/91 53 30. 748 30. 757 -. 009
08/02/91 3 31.776 31.782 -. 006
08/ 09/91 61 31. 506 31.515 -.009
08/ 31/91 68 31. 257 31. 296 -.039
10/10/91 74 31. 403 31. 406 -.003
11/ 26/ 91 87 30. 248 30. 252 -.004
12/23/91 1 30. 723 30. 730 -. 007
01/31/92 67 29. 094 29. 099 -. 005
02/ 15/92 23 22.770 22. 774 -.004
02/ 26/ 92 46 24.872 24.878 -. 006
03/09/92 64 22.103 22. 106 -.003
03/09/92 90 22. 589 22. 594 -. 005

Al4



Appendi x Table 2. --- Conti nued

Date of Bottle Initial Second Initial mnus
Sampl e Nunber Salinity Analysis Second anal ysis
03/ 17/92 8 23. 829 23. 830 -. 001
03/ 17/92 55 23. 852 23. 852 . 000
03/ 26/ 92 33 22. 969 22.970 -.001
04/ 03/ 92 65 21. 883 21.884 -.001
04/ 10/ 92 92 23. 429 23. 431 -.002
04/ 20/ 92 63 24.094 24. 097 -.003
04/ 24/ 92 40 23.598 23. 601 -. 003
04/ 24/ 92 56 24. 073 24.076 -. 003
05/01/92 69 24.961 24. 962 -.001
05/01/92 57 25. 045 25. 049 -.004
05/11/92 1 25. 839 25. 849 -.010
06/ 01/ 92 87 25. 592 25. 599 -. 007
06/ 10/ 92 3 27.913 27.923 -.010
07/ 06/ 92 53 28.674 28. 685 -.011
07/ 17/92 66 28.611 28. 615 -.004
07/ 28/ 92 65 29. 613 29.617 -.004
08/ 14/ 92 50 29. 898 29. 903 -. 005
08/ 24/ 92 61 31. 273 31. 279 -. 006
10/ 14/ 92 67 31. 245 31. 251 -. 006
10/ 23/ 92 48 31. 137 31. 138 -.001
11/05/92 88 31. 152 31. 152 -. 000
12/ 16/ 92 57 28. 037 28. 037 -. 000
01/08/93 14 26. 180 26. 184 -.004
01/ 20/ 93 40 24. 285 24. 289 -.004
02/ 01/93 60 19. 251 19. 256 -. 005

Al5



Appendi x Table 2. --- Conti nued

Dat e of Bottle Initial Second Initial mnus
Sampl e Nunber Salinity Analysis Second anal ysis

02/01/93 68 19. 324 19. 327 -. 003

03/01/93 69 14. 771 14. 764 +0. 007
03/16/93 7 17.048 17. 041 +0. 007
04/02/93 8 17. 162 17. 158 +0. 004
04/ 13/93 61 16. 680 16. 675 +0. 005
04/ 22/ 93 92 16. 530 16. 541 +0. 011
05/ 14/ 93 65 21. 337 21. 349 +0. 012
05/ 24/ 93 63 20. 692 20. 704 +0. 012
06/ 04/ 93 48 21. 726 21.739 +0. 013
07/01/93 33 24. 062 24.083 +0. 021
07/ 13/ 93 43 25. 321 25. 324 +0. 003
08/12/93 5 27.373 27.382 +0. 009
08/ 25/ 93 50 27.649 27.654 +0. 005
09/ 08/ 93 52 27.701 27. 706 +0. 005

Al6
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